At the Naval Medical Center San Diego urology clinic, patients reported waiting for greater than 1 month for an initial consult. A Lean Six Sigma approach was used to improve access to care (ATC) and decrease variation in access by improving scheduling.
INTRODUCTION
Scheduling design lacks scientific rigor but significantly impacts clinic flow and productivity. If a clinic develops a backlog from low productivity, patient satisfaction suffers, 1 and patients may choose another clinic. 2 Productivity faces the added challenge in urology clinics of integrating delicate equipment for complex procedures. When low productivity decreases access to care (ATC), patient safety is at risk. For example, in a new diagnosis of bladder cancer, overall survival decreases in patients who have delay in cystectomy greater than 3 months. 3 At the Naval Medical Center San Diego (NMCSD) urology clinic, some patients were waiting beyond the Defense Health Agency (DHA) standard of 28 days for their first urology visit.
Quality improvement in clinic efficiency takes many forms. Some clinics have adopted an advanced access scheduling model to control supply and demand. 2, 4 These offer greater scheduling flexibility to patients and reduce backlog. 1, 2 Methods used by clinics as part of this strategy include elimination of automatic rebooking, 2 adjusting the ratio of new patient visits to follow-up visits, 5 overbooking, 6 reducing the number appointment types, 6, 7 greater coordination with primary care, 2, 7 and increasing the use of physician assistants. 5 Lean and Six Sigma are used by many clinics. Lean emphasizes removal of unnecessary steps to eliminate waste and Six Sigma focuses on reducing process variability of critical quality characteristics to reduce errors. 8 These approaches have been applied separately or together as the Lean Six Sigma (LSS) approach in the operating room, primary care, and specialty clinics. [9] [10] [11] [12] [13] [14] [15] The LSS model, specifically Define-Measure-Analyze-Improve-Control (DMAIC), was implemented for this project 16 because variation in ATC was high and the solution was not known. An LSS approach is wellsuited to reducing variation and addressing the problem from multiple perspectives, especially when the solution is not known at the outset. 17 This study aimed to improve ATC and reduce its variation by improving clinic processes and scheduling.
METHODS
All non-procedural, initial visits were included in ATC and cycle time analyses. ATC data were aggregated for all initial consults/encounters seen during the respective calendar months of the improvement project. Consults that failed to occur within 120 days were administratively canceled in the system (consistent with DHA policy), and these patients were excluded from the analysis. Baseline data were collected over a ten-month period. This was followed by a pilot phase of the interventions for 3 months with the clinic's pediatric urologist. A one-month buffer (following the successful pilot phase) was given to implement changes in the adult urology clinic as the pediatric pilot period continued. This was followed by an additional 8 months of postintervention data collection. This resulted in a total of 12 months of postintervention data for the pediatric urology clinic and 8 months of postintervention data for the adult urology clinic. The final analysis of the project was conducted 1 year after the interventions were initially made. STATA ® 12 was used for statistical analysis. Statistical significance was established at α = 0.05. The project was reviewed by the Institutional Review Board and was classified as quality improvement and not clinical research.
Define
In this phase, a LSS project team was formed and the problem with timeliness of care was clearly identified. The team consisted of a project green belt, project champion, and black belt mentor, as well as six clinic staff. Clinic staff included a staff urologist, nurse, office representative, lead petty officer, corpsman, and volunteer.
Voice of the customer analysis was used to set priorities. External customers (patients) reported waiting longer than a month to be seen for their first visit, especially during certain months. Internal customers (clinicians and staff) reported a need to see patients sooner and a feeling that they could see more patients.
A supplier-input-process-output-customer analysis defined the scope of the relevant clinic workflow. A project charter summarized the identified problem and goals for improvement. The critical to quality characteristics were in compliance with the DHA 28-day ATC standard, ATC days (time from consult request to initial visit), and patient satisfaction. The goal was to improve compliance with this standard by at least 20%.
Measure
In the measure phase, root cause analysis and value stream analysis identified sources of variation in ATC. Root cause analysis began with a concept map and Ishikawa fish-bone diagram, which categorized possible sources of the variation in ATC.
Value stream analysis began with process mapping to outline all processes in urologic care from time of referral to conclusion of the episode of care. This included broad mapping of relevant appointments and procedures and mapping steps at each appointment, including check-in, lab, vital signs, physician visit, and check-out. Wait time was defined as time from check-in to time of physician visit. Value stream analysis identifies bottlenecks, value-added steps, and nonvalue-added steps. The primary bottleneck identified was time to initial consult related to appointment availability, which thus became the focus of intervention.
Data collection included outcome measures and process measures. The critical to quality characteristics of compliance with the DHA 28-day ATC standard, ATC days, and patient satisfaction were outcome measures. The clinic schedule was surveyed to count initial visits, follow-up visits, and procedures. Consult demand was defined as all new consult requests and tracked over the preceding calendar year. To assess the primary process measure of adequate new consult availability, the initial, follow-up, and procedure visits were reflected as a percentage of the total appointment capacity. This was measured before intervention and compared to an ideal ratio of consult demand vs. appointment capacity. The consult demand for this ideal ratio was defined as the 90% upper confidence interval of measured consult demand over the prior year. The appointment capacity was based on the clinic's existing schedule template starting with all theoretically available appointment slots. It was then adjusted for operational deployments (6/7 adjustment factor), operating room time (3.5/5 adjustment factor), and leave (11/12 adjustment factor).
Cycle time analysis was conducted and refers to a detailed breakdown of where patients and clinicians spend time during the visit, with the overall goal of improving cycle time efficiency. It was a process measure used to design interventions. Cycle times analyzed included scheduled appointment duration and actual appointment duration. Actual appointment duration included arrival time, wait time, lab prep, vital signs, and time with the physician. To measure patient satisfaction, patients were asked, "were you satisfied with your overall experience?" with "yes" or "no" as available responses; the survey used is provided by the hospital to all patients. No survey responses were excluded. Baseline patient satisfaction was from a convenience sampling of 53 patients who responded to the online survey before intervention, 16 patients during the pilot phase, and 26 patients after intervention.
Analyze
As mentioned, root cause analysis identified numerous sources of degradation in ATC. Qualitative analysis FIGURE 1. Root cause analysis. A summary of root causes, ideal state, and actions to take, based on multiple phases of the DMAIC process is shown. Most actions targeted more than one ideal state, as indicated by arrows.
categorized each as high-or low-yield, and controllable or not controllable. High-yield, controllable factors were selected for intervention ( Fig. 1 ). "Controllable" simply referred to those contributing factors that the clinic has administrative authority to address.
Each phase of the clinic cycle was modeled statistically. In some cases, physicians were waiting to see patients who were late; in others, patients had long wait times to see physicians. The goal of cycle time analysis was to adjust the schedule template to minimize wait times for both parties and increase appointment capacity. Data from cycle time analysis (as described in "measure") were used to build a simulation model that accurately represented the flow of our clinic (Fig. 2 ). This simulator was used to compare different scheduling templates to find the best fit for our clinic (Fig. 3 ). Arena Simulation Software, Rockwell Automation, was used for the modeling. Independent-groups t-test was used to compare length of appointment type (initial consult vs. followup), and one-way ANOVA was used to study the effect of individual physicians on visit length. This was done to determine if these variables needed to affect template modifications within the computer simulation.
A fixed stream template was compared to "modified wave" templates; modified wave implies that some patients are scheduled at close, overlapping intervals, with compensatory gaps. Arrival time was modeled with a beta distribution (−132 + 160 × BETA(6.94, 2.98)), and physician visit duration was modeled with a triangular distribution (TRIA(1.5, 10, 62.5)) based on analysis of the observed data. A fixed delay for vital signs (2 min) and lab processing (10 min) was included based on the observed mean and standard deviation of these steps. No turnover time was assumed. Three modified wave templates were tested against the current fixed stream template. Each of these template designs was modeled with one and two rooms per clinician (Fig. 3 ). Output variables from the simulation model were patient wait time and length of the physician's day in clinic.
Improve
Interventions targeted three ideal states (Fig. 1) . "Adjust ratio of appointment types" refers to increasing the ratio of initial consults to all other visits (follow-ups, procedures). Increasing this ratio was prioritized because of the identified bottleneck in new patient visits, as discussed above. "Improve cycle times" means increasing clinic flow by decreasing wait times, allowing clinicians to see more patients; this was selected based on the clinician perspective that more patients could be seen. The number of appointment slots was adjusted based on the results of the appointment cycle time analysis and subsequent simulation modeling.
All of the above interventions were simultaneously piloted in the pediatric urology clinic for 3 months with one physician. After a successful pilot phase, interventions were expanded to include all physicians and measured for eight additional months. Improvement in ATC was assessed statistically by two methods. First, individual patients were categorized based on whether or not they were seen within the standard 28-day timeframe. This was followed by a chi-square test to assess for a difference in the overall frequency of compliance before and after the clinic intervention. Second, an independent groups ttest was used to compare the average time from consult request to the actual patient visit (ATC days). Consecutive patients from the project period described above were included. Only those whose consult request was administratively closed (after 120 days) were excluded. Normality and homoscedasticity of the data were assessed. Stability of patient volume (by month) between the preintervention and postintervention time periods was compared using the Kruskal-Wallis test to ensure that changes in clinic volume did not explain differences before and after the clinic interventions. The various locations will have certain resources assigned, such as a physician to an exam room (or two), or a medical assistant to the vital sign area. These resource limitations will affect the flow of patients based on whether he/she is available for a new patient or currently occupied with another, as determined by the time it takes to complete each step. 
Control
After the implementation period ended, a control plan was devised to ensure that ATC goals were continually met. Pertinent measures of interest were ATC within 28 days, appointment supply, new consult demand, and the ratio of demand to supply. These measures were assessed monthly and a response would be taken at any point when demand exceeded supply or when ATC times exceeded 28 days. Actions would be focused on adjusting the ratio of appointment types and ensuring adequate supply of appointments. No instances triggered an action during the project.
RESULTS
A total of 3125 and 2511 new patients were seen during the preintervention and postintervention periods, respectively. Baseline data showed that patients were generally satisfied with their care (96%, n = 53). A total of 69.2% of new pediatric patients and 61.7% of new adult patients were seen within 28 days. The ATC times were 22.6 days (95% CI, 21.2-24.1) for pediatric urology and 26.0 days (95% CI, 25.3-26.7) for the adult urology clinic. There was no difference in requests for new consults before or after the intervention for the pediatric or adult urology clinics (P = 0.692 and P = 0.722, respectively).
Overall cycle time analysis was based on 100 direct observations of patients flowing through the clinic. Cycle time analysis revealed that 86% (86/100) of patients arrived early, with a mean of 20 min (95% CI, 15-25 min) before the scheduled appointment time. Lab prep and vital signs together lasted 12 min (95% CI, 9-13 min) . The average length of the physician visit was 20 min (95% CI, 15-24 min). It was not affected by individual clinician (P = 0.481, F = 0.933, n = 26), and initial patient consults (mean 24.7 ± 14.9 min; 95% CI, 21.7-27.5, n = 26) were not significantly longer than follow-up visits (mean 19.5 ± 11.1 min; 95% CI, 14.5-24.5, n = 19) with P = 0.212 and t = −1.267. Accepting this null hypothesis prompted a schedule change of new visits from 30 min (in the original template) to 20 min duration (in the new template), increasing the total supply of appointments.
Before intervention, a patient's mean wait time was 43 min (35-51 min 95% CI, n = 100) during each visit. Simulation software predicted a decrease in this idle time by adding one exam room per clinician and the use of alternative schedule templates. Based on the simulation, scenario B2 was chosen for implementation. Changing the schedule to template B and adding a second room per physician predicted a decreased wait time up to 15 min and shortened the overall clinic day by 40 min, while increasing volume from 12 to 13 patients over a 4-hour period (Fig. 3) .
The average demand over the preceding calendar year was 364 new patients per month, with a 90% upper confidence interval of 438. The average monthly supply of appointments was determined to be 860, after considering the previously mentioned adjustment factors and modifying the appointment duration and volumes as mentioned above. The ideal percentage of initial consult visit slots in the template was thus determined to be 50.9% (438/860). At the outset, initial consults made up 24.8% of the template appointment supply, and this was increased to 46.9% (403/860) with the intervention (close to the ideal percentage, with some minor allowance for individual clinician template variations).
Statistically significant improvement was seen in ATC and compliance with the DHA 28-day ATC standard. The rate of compliance met the team's goal of 20% improvement for both the pediatric and adult urology clinics (achieving 88.9% and 84.4% compliance, respectively). The time from consult request to visit (ATC days) was significantly reduced by 7.2 days (95% CI, 5.2-9.1 days) in the pediatric urology clinic (P < 0.0001) and 6.4 days (95% CI, 5.4-7.3 days) in the adult urology clinic (P < 0.0001) (Table I) . Patient satisfaction and ATC were maintained at or above the goal thresholds during both the pilot period and full implementation period (96%).
DISCUSSION
Use of simulation software predicted that arrival time variation could be accommodated for by a modified wave template, and cycle times could be further improved by adding another exam room for each physician. New patient capacity was primarily increased by improving the ratio of new to established patients. This ratio was increased most greatly by decreasing new patient visit duration; this intervention increased clinic capacity and added flexibility to the schedule. The decreased variation in compliance with the ATC goal suggests that these improvements remained consistent throughout the year, even in busier periods. Improvements in these process measures were reflected in improvements in critical to quality characteristics at or above the target thresholds.
Appointment cycle time analysis increased efficiency by revealing time lost in the schedule in conjunction with idle resources (ie, the clinician). Use of a modified wavescheduling template also appears to have contributed to improvements in efficiency. This salvaged time could then be devoted to areas of resident education, interdisciplinary discussions, research, military readiness, and other patient care activities (eg, in-patient consults and telephone encounters). This may result in unmeasured improvements in quality health care outside the scope of this project.
The improvements in ATC and cycle times are similar to other clinics implementing advanced access 4 and LSS 10 approaches, although results vary significantly. During the time of this study, and perhaps unique to the urology clinic at NMCSD, the practice was generally to see all eligible patients, including "rights of first refusal" patients recaptured from outside the military network. In this case, there was no nearby alternative military urology clinic. Estimation of clinic demand was therefore more accurate in this setting as patients do not exit the system to visit alternate clinics. Additionally, there were no known ecologic changes to the catchment area or shifts in the health services provided during this time that would affect patient demographics, number of consults, or provider availability/number of providers. Improvement in ATC therefore cannot be explained by attrition to other centers or by other factors.
Future directions of the project include continued surveillance of timely scheduling of initial urology visits, with corrective action if these surpass thresholds. An advantage of the modified wave template is the flexibility to book overlapping appointments, which could accommodate subtle variations in appointment length. Other unmeasured factors may affect the cycle times, however, and these could be studied in the future to build a more accurate model. These factors could include time of day of the visit, day of the week, season, and active duty status, among others. The goals of the NMCSD urology clinic were met without including these additional predictions.
Other clinics struggling to meet ATC standards could consider adopting some of these changes to fit their individual patient population. This study presents some limitations. Like many smallscale quality improvement interventions, 9 the before and after intervention design risks observer bias because of lack of a control group. Cycle time analysis led to interventions that targeted improved clinic flow. Cycle times were not measured after the intervention, so direct comparisons of clinic efficiency cannot be made. However, the goal of cycle time analysis was to identify effective interventions. Since these interventions led to improved ATC at or above goal, further cycle time measurements after intervention would not add additional value to the analysis already performed on the primary outcomes described above, namely ATC. Additionally, although the changes to appointment length in the template seem reasonable based on the statistical analysis, the authors admit that this assumption may be subject to some error, the extent of which could be further limited with additional observations. To that end, our team was reassured that this patient-to-patient variability in appointment times would still be accounted for in our simulation model, by the very nature of the Monte Carlo simulation technique upon which the simulation software is based. Furthermore, if any interventions did increase wait times for any patients, it did not result in decreased patient satisfaction. The patient satisfaction data are the reflection of a small sample of patients; it is possible that this is not an accurate reflection of the total population. Another limitation is that we did not analyze postintervention data related to follow-up times for procedures in accordance with the DHA standards. No untoward effects on this followup time from our interventions were observed, although additional iterations of the project could include such info for statistical analysis. This is not a standard this clinic has struggled to meet in the past and so it was not included in this project. Finally, one facet of the LSS approach is designing interventions based on root causes of the particular situation; because these vary by clinic, tailored interventions in one context may not bring equivalent improvements when applied broadly.
